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Introduction: Vitamin D deﬁciency and insufﬁciency are highly prevalent
among several populations across the globe. Numerous studies have shown
a signiﬁcant correlation between body-mass-index (BMI) and Vitamin D status,
however, some results differed according to ethnicity. Despite the abundance
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of sunshine throughout the year, vitamin D deﬁciency is prominent in the
United Arab Emirates (UAE). In this study, we analyzed the UAE Healthy Future
Study (UAEHFS) pilot data to investigate the association between serum 25hydroxyvitamin D (25(OH)D) and % body fat (BF) composition as well as BMI.
Material and methods: Data from a total of 399 Emirati men and women
aged ≥ 18 years were analyzed. Serum 25(OH)D and standard measures of
weight and height were included in the analyses. Vitamin D deﬁciency was
deﬁned as serum 25(OH)D concentration<20 ng/ml. Multivariate quantile
regression models were performed to explore the relationship between
serum 25(OH)D levels and % BF composition and BMI correspondingly.
Results: There were 281 (70.4%) males and 118 (29.6%) females included in this
study. More than half of the study participants had vitamin D insufﬁciency
(52.4%), and nearly a third had vitamin D deﬁciency (30.3%); while only 17.3%
had optimal levels. A statistically signiﬁcant negative association between
serum 25(OH) D levels and % BF composition was observed at intermediate
percentiles while a statistically signiﬁcant negative association between serum
25(OH)D and BMI was only observed at the median (50th percentile).
Conclusion: The study ﬁndings support the association between low serum 25(OH)
D levels (low vitamin D status) and high % BF composition and high BMI among adult
Emiratis. Further longitudinal data from the prospective UAEHFS could better
elucidate the relationship between serum 25(OH) D levels, % BF composition, and
BMI in the context of various health outcomes among this population.
KEYWORDS

body fat, vitamin D, body mass index, serum 25 hydroxyvitamin D, quantile regression

Introduction

Several hypotheses were suggested to explain the notable
high prevalence of this public health burden in the UAE.
Avoidance of sun due to hot weather, and the perception that
sun exposure might be associated with detrimental health effects
have been suggested as the main contributing factors.
Furthermore, the traditional conservative clothing style
contributes to the lack of sun exposure and consequently
ampliﬁes the risk of developing vitamin D deﬁciency (4).
Other factors including genetic predisposition and the link of
vitamin D deﬁciency with other chronic diseases among this
population had been well documented previously (10, 11).
Two studies have demonstrated a strong association between
vitamin D deﬁciency and obesity, among the Arab adult
population of the Gulf Countries (12, 13). The UAE currently
ranks ﬁfth in the world in terms of obesity, at a prevalence of
36% (33% males and 39% females) (14, 15). In other words, three
in every ten Emirati males and almost 4 out of every 10 females
are obese, with an estimated economic burden amounting to $6

Studies around the world regarding the prevalence of
vitamin D deﬁciency (deﬁned by serum 25- hydroxyvitamin D
25(OH)D<50 nmol/l or (<20 ng/mL)), to be approximately
37.3% worldwide (1, 2). There is growing evidence that
inadequate vitamin D status, obesity and chronic noncommunicable diseases often cluster (3). Evidence from
observational studies, demonstrated the high prevalence of
vitamin D deﬁciency in Middle Eastern countries including
the United Arab Emirates (UAE) (4–6). Tangible evidence for
the role of vitamin D in the regulation of body weight and energy
metabolism has been accumulating over the past years (7, 8).
The UAE climate is characterized by a year-round sunny
weather. Paradoxically, reports on the vitamin D status among
the population have revealed that vitamin D deﬁciency is highly
prevalent among the Emirati UAE nationals across all different
age groups but particularly among young adults (5, 9).
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data. The ﬁnal analysis included data for 399 participants
(Figure 1). Serum 25-hydroxyvitamin D (25(OH)D) and
HBA1c levels along with standard measures of weight, height
and % BF composition; were included in the analyses.

billion/year due to obesity-associated complications (16). More
than 66% of men and 60% of women in the UAE are currently
overweight or obese (an average of 63% or more than double the
global average of 30%) (17). This instigates signiﬁcant health and
economic challenges since obesity is an independent risk factor
for both metabolic syndrome and some cancers, the major cause
of mortality and morbidity in the UAE (14). Since obesity is a
multifactorial disease that has several aspects including genetics
and environmental conditions, one interesting factor to explore
in terms of body energy metabolism is the relation between
vitamin D status, body mass index (BMI) and % body fat (% BF)
composition in the context of vitamin D deﬁciency (18).
Serum 25(OH)D levels are frequently used as clinical
indicators for the assessment of vitamin D status. With
regards to obesity, several indicators including BMI and % BF
composition are commonly used (19). In this study, we have
aimed to examine the associations of 25(OH)D levels with % BF
composition and BMI among a cohort of 399 adult Emiratis.

Ethical approval
The UAEHFS was conducted according to the guidelines of
the Declaration of Helsinki, and the study protocol was approved
by the Research Ethics Committee of Abu Dhabi Health Research
and Technology Committee, reference number DOH/HQD/2020/
516. All participants read and understood the information leaﬂet
and signed the consent form prior to recruitment.

Measuring serum 25(OH)D levels
A total of 2 mL of collected blood was used to measure the
levels of serum 25(OH)D which were analyzed using
chemiluminescence Unicel DXI immunoassay system
(Beckman-coulter, USA) with a detection limit 2.0 ng/mL and a
total imprecision ≤ 10.0% CV at concentrations greater than 15.0
ng/mL (37.5 nmol/L) (21). Moreover, the total Standard Deviation
(SD) was ≤ 1.5 ng/mL (3.8 nmol/L) at concentrations ≤ 15.0 ng/
mL. Subjects were categorized according to serum 25(OH) D
levels using the following cutoff values: Vitamin D deﬁcient for
serum 25(OH) D concentration<20 ng/ml, based on the levels at
which bone-related symptoms become apparent, and insufﬁciency
as a serum 25(OH) D of (20–30 ng/ml, determined by the level of
vitamin D repletion sufﬁcient for optimum bone (22).

Material and methods
Participants and data acquisition
This study utilized data collected from the electronic records
of Emirati participants recruited through the UAE Healthy
Future Pilot Study (UAEHFS) (20). Data from a total of 517
Emirati men and women aged over 18 years was analyzed. There
was an exclusion for 30 participants because they did not
complete the questionnaires and from the remaining 487, a
total of 88 cases were further excluded after omitting missing

FIGURE 1

Flow chart of Recruitment of Participants from the UAEHF pilot study.
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data (18). Data from 399 (77.2%) participants were included in
this statistical analysis after omitting missing values (Figure 1).
The majority of participants were classiﬁed as having vitamin D
insufﬁciency 209 (52.4%) with females 67 (32.1%) and males 142
(67.9%). Furthermore, there were 121 (30.3%) subjects with
vitamin D deﬁciency with 24 (19.8%) females and 97 (80.2%)
males. Moreover, 69 (17.3%) of the participants were vitamin D
sufﬁcient with 27 (39.1%) females and 42 (60.9%) males. A
statistically signiﬁcant difference was observed in serum 25(OH)
D levels between females and males (Chi square 0.0103).
Table 1 presents summary statistics (median and
interquartile range) for participants’ characteristics and clinical
investigations of the age, serum 25(OH) D concentrations, % BF,
BMI, and HBA1c variables. The median age of the UAEHFS
pilot data participants was 31 years (Interquartile Range: 24 –
38) with 281 (70.4%) males and (29.6%) females. Females had
lower median serum 25(OH) D concentrations compared to
males, median (IQR) of 18.7(13.3, 27.2) and 19.8 (16.5, 25.3)
respectively; which is below the sufﬁciency levels. No statistically
signiﬁcant difference was observed in serum 25(OH) D levels
between females and males p-value=0.120. Furthermore, females
had lower BMI median than males, median (IQR) of 27 (22.9,
33) and 28.1 (24.2, 31.7), however, the difference was not
statistically signiﬁcant Wilcoxon p-value = 0.452. No
statistically signiﬁcant difference in the HBA1c measurement
was observed between females and males, Wilcoxon p-value =
0.920 (Table 1). Moreover, out of the 399 participants, there were
28 (7%) and 83 (21%) participants diabetic and
hypertensive respectively
Figure 2 shows two 3-dimensional scatterplots of serum 25
(OH) D versus age and % BF composition and age and BMI
respectively. The data was plotted for both males and females to
enable us to explore relationships between the four variables at
the same time. A clear separation by sex was observed for serum
25(OH) D versus % BF and age (Figure 2 left graph). No
separation by sex was observed for serum 25(OH) D versus
BMI and age (Figure 2 right graph).
Figure 3 shows caterpillar plots of the estimated relationship
between 25(OH) D levels and BMI and % BF from multivariate
quantile regression models for the 25th, 75th percentiles levels.
This ﬁgure also illustrates that % BF composition was negatively

BMI and % BF composition
BMI and % BF composition were measured using the Tanita
MC 780 (Tanita Inc Tokyo, Japan) as previously described (20).
Brieﬂy, % BF composition was determined by Bio-impedance
and BMI was automatically calculated by the machine as body
weight (kg)/height square (meters) with measurements given in
kg/m2 unit.

Statistical analysis
Three dimensional scatterplots were presented between all
predictors and outcome respectively. Summary statistics were
presented by median and interquartile range (IQR) for
continuous variables and frequency (percentage) for
categorical variables. Quantile regression models were
performed to investigate the association between the serum 25
(OH) D levels and BF (%) and BMI respectively. The dependent
variable was the serum 25(OH) D levels in all ﬁtted multivariate
quantile regression models. The 25th, 30th, 35th, 40th, 45th, 50th,
55th, 60th, 65th, 70th, 75th percentiles were examined to obtain a
representative range of the serum 25(OH) D concentration
distribution. In the ﬁrst eleven ﬁtted multivariate quantile
regression models (since we have 11 quantiles), the predictors
were age, gender, % BF composition and the interaction term
between age and gender (age*gender); while in the second eleven
ﬁtted multivariate quantile models, the predictors were age,
gender, BMI and the interaction term between age and gender.
Statistical analyses were performed using R version 4.1.0 (23).
The sample size of up to 500 participants for the pilot study
was determined by the numbers needed to obtain sufﬁcient
evidence on the response rate to various recruitment and
materials collection strategies and to assist in sample size
calculations for the main study.

Results
Out of 517 participants who consented to participate in the
UAEHF pilot study, 487 (94.2%) had complete questionnaire

TABLE 1 Median (interquartile range) of the variables included in the statistical analysis as well as Wilcoxon rank sum test p-value.

Variable
Age (year)

All (n = 399)

Females (n = 118)

Males (n = 281)

P-value
0.461

30 (23, 38)

30 (24, 37)

31 (24, 38)

25(OH)D (ng\mL)

19.5 (15.5, 25.6)

18.7 (13.3, 27.2)

19.8 (16.5, 25.3)

0.120

Body Fat (%)

27.5 (22.3, 33.4)

35.0 (29.8, 40.7)

25.7 (21, 29.7)

0.876*

BMI (kg/m2)

27.8 (23.8, 32)

27.0 (22.9, 33)

28.1 (24.2, 31.7)

0.452

5.4 (5.1, 5.7)

5.4 (5.1, 5.7)

5.4 (5.1, 5.7)

0.920

HBA1c (mmol/mol)

*P-value from a multivariate quantile regression model with age, gender and age*gender as predictors and % BF composition as an outcome. Wilcoxon rank sum test was not performed as
this is an age and gender speciﬁc test for % BF.
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FIGURE 2

Two 3-Dimensional Scatterplots of Serum 25 (OH)D (ng\ml) versus age and BF (%) and age and BMI respectively. Data is labeled by sex: male
(blackdots) and female (red dots).

associated with serum 25(OH) D concentrations at the 25th, 30th,
75th percentile. Statistically signiﬁcant negative associations were
observed between serum 25(OH)D level and BMI at the
intermediate percentiles (Figure 3). The estimated effect (95%
CI) of the 40th, 45th, 50th, 55th, 60th, 65th percentile was -0.110
(-0.198, -0.022), -0.127 (-0.222, -0.032), -0.142 (-0.245, -0.039),
-0.145 (-0.255, -0.034), -0.130 (-0.244, -0.017), -0.140 (-0.261,
-0.019), correspondingly (Supplementary Table 1).
Similarly, BMI was also negatively associated with
intermediate percentiles. However, a statistically signiﬁcant
negative association between serum 25(OH)D level and BMI
was only observed at the 50th percentile (median), estimated
effect (95% CI) of -0.163 (-0.296, -0.029). This indicates a
weaker relation in comparison with % BF (Supplementary
Table S1).
Supplementary Figure S1 shows the difference in 25(OH)D
levels between males and females in the ﬁtted quantile regression
models. In general, males have higher serum 25(OH)D levels as
compared to females, however it was only statistically signiﬁcant
at the 35th, 55th, 60th, 65th and 70th percentiles for both models
with BMI and %BF composition, respectively. In addition, there
was a signiﬁcant difference in 25(OH)D levels between males
and females at the median level in the multivariate quantile
regression model with age, sex and BMI as predictors.

Frontiers in Endocrinology

Discussion
Hypovitaminosis and obesity are highly prevalent in the UAE
(14). This study presents interesting ﬁndings regarding the
association between vitamin D status, BMI, and % BF
composition among a cohort of Middle Eastern adult nationals
from the UAE. Our data revealed that vitamin D deﬁciency was
common among adult Emiratis of both genders (median serum 25
(OH)D level of 19.48 ng/ml) in agreement with results
demonstrated by other researchers (4, 5, 24). This is also
consistent with a previous retrospective study on Emirati
nationals which demonstrated that 67.1% of men and 73.5% of
women were suffering from vitamin D deﬁciency with the lowest
levels being reported among young adult Emiratis (5). Moreover,
an investigation of the vitamin D status in a sample of 208 young
adults in Abu Dhabi, similarly revealed that vitamin D deﬁciency
was highly prevalent among both genders but more signiﬁcantly
among females (mean serum 25(OH)D of 20.9 ± 14.9 nmol/L for
females versus 27.3 ± 15.7 nmol/L for males) and attributed
reasons to high levels of sun avoidance (4). Furthermore,
another retrospective study of the UAE population reported the
mean value for serum 25(OH)D to be 48.89 nmol/L with 82% of
60,979 patients presenting with hypovitaminosis, of which 26% of
females and 18% of males had severe deﬁciency (25). Among the
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FIGURE 3

Caterpillar plots of the BMI and BF (%) effects on serum 25(OH)D levels from two multivariate quantile regression model for the 25th,
30th,...,75th percentile .Each black dot is the slope coeﬁciant for the quantile indicated on the y axis. If 95% conﬁdence intervals are below zero
(red dotted line) indicating a statistically signiﬁcant negative association, if 95% conﬁdnece intervals cross the red dotted line then there is no
statistically signiﬁcant effect. Body Fat (%) is negatively associated with 25(OH)D level at the 25th, 30th,..., 75th percentile. statistically signiﬁcant
negative associations were observed between Body Fat (%) and 25(OH)D level at the intermediation percentile (40th,...,65th). BMI was also
negatively associated with 25(OH)D levels at 25th, 30th,...,, 75th percentile. However, a statistically signiﬁcant negative association between BMI
and 25(OH)D levels was only observed at the intermediate percentile (40th,..., 65th).

association for serum 25(OH)D levels with both % BF
composition and BMI, although more remarkably over more
percentiles with % BF composition as compared to BMI. This is
in line with recent systematic reviews and meta-analysis
conﬁrming the negative association between low serum 25
(OH)D levels and high % BF composition and high BMI in
the context of obesity among adults (18, 26, 27).
Few studies from the UAE had examined the relationship of
vitamin D status with BMI but not with % BF composition (4–6).
Although a negative association was like wise reported with BMI,
only one study did not ﬁnd any correlation between serum 25
(OH)D levels and BMI (4). Previous researchers highlighted the
major limitation of the BMI when it comes to differentiating
between muscle and fat (28). Moreover, others demonstrated
that the use of BMI was not precise to predict adult obesity as it

examined participants, 30,640 (50%) were UAE nationals. Almost
86.1% of UAE nationals had serum levels of <75 nmol/L of 25
(OH)D, hence demonstrating the serious magnitude of this public
health burden among both male and female Emiratis (25).
In the present study, we aimed to examine the associations of
25(OH)D levels with % BF composition and BMI in a cohort of
adult Emiratis. In our investigation, quantile regression models
were used with different percentiles instead of categorizing
vitamin D data to demonstrate point estimation across the
vitamin-D distribution beyond the median. This is because we
were interested in investigating the association with % BF
composition and with BMI at different quantiles. Furthermore,
a quantile regression would also allow the investigation of these
associations under heteroscedasticity and non-normality
assumptions. The results from Figure 3 revealed a negative
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study among middle-aged women and men in the US and
included inadequate vitamin D intake, a BMI or >30 kg/m2,
physical inactivity as well as low intake of dairy and calcium
supplements (38). In the current study, a clear separation by sex
was observed for serum 25(OH)D versus BF (%) and age. A
systematic review by Mithal et al. on global vitamin D deﬁciency
and its determinants revealed that risk factors for deﬁciency
comprise female gender, lower latitude, season variations, dark
skin pigmentation, sunlight exposure and its associated
determining factors such as clothing, dietary practices as well
as national policies of vitamin D fortiﬁcation (39).
According to current statistics, 85% of the UAE residents
suffer from Vitamin D deﬁciency. The UAE is known to enjoy
year-round sunny weather. Vitamin D deﬁciency and the rapid
increase in the prevalence of obesity are both considered
important public health issues contributing signiﬁcantly to
modern healthcare costs, morbidity, and mortality. The strong
association between these two modern health issues is not new.
A series of evidence supports the fact that obesity might be
driving low serum 25(OH)D concentration due to decreased
bioavailability of vitamin D through sequestration in body fat
compartments. However, recent studies have opened up a new
dimension regarding the role of vitamin D in the regulation of
body weight. Vitamin D supplementation effects on body weight
remain a controversy. A review article by Golzarand et al.
concluded that supplementation with vitamin D had no
impact on body fat percentage (40). While conversely, in a
study by Salehpour et al. results of a 12-week double-blind
randomized clinical trial of vitamin D supplementation, showed
that increasing vitamin D levels by supplementation resulted in
BF mas lessening (41). Similarly, a study among collegiate
athletes concluded that Vitamin D supplementation can help
regulate and maintain the athletes’ % BF in times of low sports
activity (42). Interestingly, a recent systematic review and metaanalysis of randomized controlled trials found that
supplementation during pregnancy or infancy could be
associated with less likelihood of adiposity during childhood
(43). These ﬁndings are promising and pave the way for largerscale studies on the impact of vitamin D adequacy and
supplementation on body composition.
The results of the present study underscore important
implications for vitamin D research. First, the data conﬁrm
the negative correlation between % BF composition and
vitamin D status among a cohort sample of Emirati adults.
Second, the data calls for a need to screen for deﬁciency in
individuals with high % BF composition regardless if their BMI
was low. Although BMI is signiﬁcantly correlated with total fat
mass, it still cannot reliably predict fat mass in individuals. BMI
has limited value when measuring body composition. Both lean
mass and fat mass correlate very well with BMI. Despite this,

is known to systematically underestimate or overestimate
adiposity in certain ethnic groups because of its dependency
on the height measurement, as well as lean body and bone
mass (29).
The Several factors including the drastic life style changes,
low physical activity, less incidental exposure to sunlight and
unhealth dietary practices had led to the remarkable prevalence
of obesity and metabolic diseases among the population of the
Middle Eastern and North African countries (30).
In this study, lower mean serum 25(OH)D levels were
correlated with higher % BF composition. Similar studies by
Snijder et al. and Muscogiuri et al. found an inverse association
between total BF and serum 25(OH)D concentrations in both
men and women (31, 32). Additional research among
Caucasians and Africans have yielded concordant results (33).
The mechanism by which BF results in lower vitamin D levels is
related to volumetric dilution and diminished vitamin D
synthesis in the adipose tissue and liver, however this is yet to
be fully elucidated. One of the highly likely mechanisms is the
sequestration of vitamin D by adipose tissue and depletion of
body from vitamin D by the obesity associated inﬂammation
(24–27). Another contributing factor could be due to the
enhanced action of 24-hydroxylase enzyme, which is found in
adipose tissue. Likewise, a study in the Netherlands on 2158
older adults showed that vitamin D deﬁcient participants (25
(OH)D < 50 nmol/L) had a higher BF % (b = 1.29, 95% CI: 0.55,
2.04) (34).
Our results showed gender differences in terms of % BF
composition and BMI when interpreting vitamin D deﬁciency
results. These results are in agreement with the ﬁndings reported
from a cross-sectional study by Kremer et al. which found that
vitamin D insufﬁciency was associated with increased BF in
young women and another observational prospective cohort
among adults revealing lower vitamin D concentrations in
females than males by Muscogiuri et al. (32, 35). These
ﬁndings could be interpreted by the fact that women generally
have higher BF than males (26).
The relationship between % BF composition and vitamin D
could depend on ethnicity. Data from a study with 1,697
recruited Korean adults aiming to examine the relation
between serum 25(OH)D as an indicator of vitamin D
deﬁciency [25(OH)D <20 ng/mL] and BMI and BF revealed
that serum 25(OH)D levels showed signiﬁcant negative
correlation with BF but not BMI (36).
This was conﬁrmed by a systematic review that depicted a
difference between Asians and Caucasians in terms of BMI and
% BF composition (37). Similarly, previous research among
Caucasians and Africans, has yielded concordant results in
terms of BMI and vitamin D status (33). Nonetheless, several
modiﬁable risk factors of low vitamin D status were revealed by a
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BMI can only be used to follow short-term changes in body
composition as changes in the BMI standard deviation score in
the short term can be attributed primarily to changes in fatness
(44). Further, this study underscores the importance of
utilizing different obesity indicators including % BF to assess
for abdominal obesity which signiﬁcantly contributes to
metabolic syndrome. The use of multiple obesity indices is
important to obtain a comprehensive picture of this burden.
Abdominal obesity has been associated with visceral fat mass,
higher blood pressure, and cardiovascular risk factor
clustering, and should be measured along with BMI. With
regards to vitamin D, evidence shows that vitamin D deﬁciency
is associated with risk factors for metabolic syndrome and
showed the positive effects of vitamin D supplementation in
improving outcomes in people diagnosed with metabolic
syndrome (45, 46). Therefore, there is an urgent need for a
standardized deﬁnition of obesity in clinical practice as well as
in relevant epidemiological settings.

Conclusion
The result of this study raises a main concern for population
health, which requires further studies. The majority of the UAEHF
pilot study participants were vitamin D deﬁcient. The results also
support the association between low serum 25(OH) D on one side
and high % BF composition and high BMI on the other in adult
Emiratis. The association with % BF composition could be more
informative and accurate; however, further additional studies are
needed to clarify this observed negative correlation.

Data availability statement
The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement
Strengths and limitations

The studies involving human participants were reviewed and
approved by The UAEHFS was conducted according to the
guidelines of the Declaration of Helsinki, and the study protocol
was approved by the Research Ethics Committee of Abu Dhabi
Health Research and Technology Committee, reference number
DOH/HQD/2020/516. All participants read and understood the
information leaﬂet and signed the consent form prior to
recruitment. The patients/participants provided their written
informed consent to participate in this study.

This study examined the association between vitamin D
data and BF% and BMI among a sample of nationals within
the UAE. We used an objective measure of serum 25(OH)D
for our main exposure to minimize misclassiﬁcation of our
participants’ vitamin D levels. We used two indicators of
obesity, namely BMI and % BF composition, to allow us to
compare their predictive performance for vitamin D
deﬁciency. Our results provided implications that % BF
could be a better predictor for vitamin D deﬁciency
compared to BMI. BMI as an indicator of % BF is
commonly used in the epidemiological population study
because it is easy to measure, however, previous study has
found that the association between BMI and % BF
composition was not strong, especially among those with
BMI <27 kg/m2 (47). Finally, we used multivariate quantile
regression analyses to control for confounding variables and
enable us to explore the inﬂuence of age, gender, BMI and %
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distribution. Despite the important implications of our
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